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the succession of life on the land and in the waters, will welcome
every additional fact which may tend to clear up the history of that
remarkable deposit. A lagoon with bordering marshes, and dryer
land; the water full of marine life—Corals, Mollusca, Crustacea,
Pishes, Turtles, and Teleosaurs;—the land occupied by Cycadaceous
and Coniferous plants, and traversed by the huge Megalosaur and
the tiny Phascohtherium; while over land and water the Pterodac-
tylian Harpies stretched their filmy wings.
Semel insanivimm omnes! Most of us have been fly-catchers in
our day. I was myself a zealous student of insects; and remember
nothing with more pleasure than the chase of Agrion, Aeshna, or
Libellula, by the side of some Yorkshire water. No doubt such
waters were haunted "in the Oolitic days" by the insects we are
now considering, and it becomes an enquiry of some interest in the
further study of them, whether they manifest any special affinity
with congeneric forms now visible in Australia, as do the Cycads,
Waldheimia, Trigorda, Oucullaa, and Phaseolotheria, which are their
companions in the deposits of Stonesfield, with the plants, shells
and mammals of that old-fashioned corner of the earth.
EXPLANATION OP PLATE VI.
Figs, a and b. Impression and counterpart of the wing of Libellula Weslwoodii,
Phillips. Natural size. From the Stonesfield Slate.
b. t marks the position of the "stigma."
c. Enlarged view of central portion of wing.
d. Enlarged view of Aeshna Srodiai, Morris. From the Lias of Dumbleton-
(Placed for comparison with Libellula WeiiwooAii.) Figured in " Brodie'a
Fossil Insects," Tab. 8, fig. 1.
I I . — O N T H E STRUCTURE OF T H E T H A M E S V A L L E Y AND O F I T S
CONTAINED D E P O S I T S . 1
By SEAKLES V. WOOD, jun., F.G.S.
TTTHILE we have in the deposits described no signs <}f any line of
T V drainage conterminous with the valley through which the
Thames now finds its way from London to the sea, until after a
series of diverse conditions, and until a most recent date,—that of
the Marsh clay, we shall find, in the physical structure of the
valley, evidence corroborative of that afforded by the deposits; and
showing that the present valley of the Thames is a creation subsequent
to all the deposits which it contains that are older than the Marsh clay.2
So far from the Thames gravel extending " in a continuous and
uninterrupted sheet from the sea to Maidenhead," it stops entirely
1
 Concluded from our last number (p. 63).
* It has been contended that the Thames was once a tributary of the Rhine, but this
argument can only have been supported by those who have not studied the structure
of the valley, and of the East of England, with the minuteness that would show such
I a view to be at variance equally with the mode in which the valley was first formed,
i and with the conditions which it subsequently underwent, i.e., with its excavation
i through the Drift by denudation on emergence from the Upper Drift sea, and it«
I subsequent history as given here in outline.
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on the northern side, at a point thirteen miles west of Shoeburyness ; '
while, on the southern side, its limit is Higham, twelve miles west of
Sheerness and Shoeburyness, where a most remarkable and isolated
fragment of the deposit remains, having been saved by a fault,
which threw it down, with the London clay on which it rested, into
the midst of the Chalk which now forms the surrounding country.
This detached fragment occurs, too, several miles east of any other
portion of Thames gravel now existing on the southern side of the
Thames. Beyond these points, not a vestige of the Thames gravel, or of
any other, appears for many miles. On the northern shore, at Hadleigh.
Common, on the top of a hill, and at a distance of eight miles to the
eastward of the point of absolute stoppage of the formation, we meet
the first signs of gravel in the form of a small patch that does not
correspond with the Thames gravel (x4/'), but does so with the
denudation gravel (x2) ; while to the north of Hadleigh, at a
distance of a mile, there is about a square mile of summit gravel (a; 1)
at Daw's Heath and Great Wood. Two miles east of this, and at a
distance of ten miles from the easternmost edge of the Thames
gravel (a; 4"), another gravel sets in, which, although it may be
1
 As the Ordnance Sheet, No. 1, which comprises the entire valley of the Thames,
from London to the sea, has not yet been mapped by the Geological Survey, I subjoin
the eastern and northern boundary of the Thames gravel through i t : all the names
of places being those on the Ordnance sheet. Starting from a point about midway
between Cheshunt and Broxbourne, the eastern boundary of the Thames gravel
follows the course of the Lea on its eastern side very closely, and at a distance varying
from a furlong to one mile from that stream itself as far as Walthamstow, at which
place it turns abruptly to the east, and passing through Forestside, bends for two
miles up the Roding valley, for a mile above Woodford Bridge, whence it descends
due south for an equal distance; then, turning round Clay Hall, it stretches
E.N.E. to Fairlop plain. Then sweeping S.E., the boundary curves round Lawn
Farm at a distance of six furlongs on the west and south sides of it, and bending
E.N.E. again to (the northernmost) Collier Row, it curves from that place southwards
passing through "Priests," eastwards, but with a slight northerly curve, to Hare
Hall. I t crosses the railway at Hare Lodge to New Readingcourt; then, turning
abruptly, it runs S. by E , to Upminster Bridge, whence it stretches E.S.E. to (Orsett)
Fengate, passing in its course, and immediately south of them, the villages of
Upminster, Cranham, and North Ockendon. It then bends close round the north
side of Orsett to Rotten Row, whence it turns north to Horndon-on-the-Hill, which
it touches on the south side, then trending east, it crosses the Yange Road half a mile
N.E. of Stanford-le-Hope; then bending N.E.^for a mile it curves again, and crossing
the road from Corringham to Laindon, six furlongs W.N.W. of Corringham, passes to
Fobbing, crossing that village one furlong north of the church, when it abruptly
bends south, and keeping close to the village, passes in a S. by E. line to the Marsh,
a furlong east of Fobbing Wharf, where it stops; but as it appears at the bottom of
the dock there, it is probably continued under Corringham Marsh to the river, a mile
west of Thames Haven. This boundary, which I have tested minutely, will, after
quitting the Lea, be found to be almost identical with the line of the Thames fiiver,
except in those reaches which have ueen formed subsequently to the gravel by the
faults described in the text, viz., Sea Reach, Gravesend Reach, Erith Rands, and
•Woolwich Reach, with the lines of which, however, it shows not the remotest
coincidence. The Geological Survey Sheets, Nos. 7 and 8, purport to show part
of the formation west of London; the gravel of Wimbledon and Richmond Hills,
however, is not included as any part of i t ; but sheet No. 13, which should contain
the westerly extremity, including the great expansion of the formation around
Reading, has been published without any delineation of the grtater portion of the
formation comprised in it.
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contemporaneous with the Thames gravel, KJ §••«
is manifestly no part of the once continuous «"S| "
and persistent sheet which filled so large a °= |
proportion of the original valley of the *
Thames, and which, on the north side of
the river, still remains in a continuous sheet.
This gravel (much of which is capped by
brickearth) extends only a little way west
of Southend, although it runs northwards
along the coast for nearly 20 miles, in a g *,
strip varying from 2 to 5 miles in breadth. sg^  —
So also on the south side there is an interval ^ S ^
of several miles wholly destitute of gravel .-3
in any form, extending eastwards from ^ jf-g
Higham to High Halstow ; but east of the 1 Jjf
latter place a gravel sets in, which is found "3^
at several places between it and the Med- g
way; and which, although, like the South- d-
end gravel, it probably is coeval with the ^
Thames gravel, is also manifestly no part of 1 Wl|
that formation itself. On both sides of the J g £
Thames, therefore, we have the Thames ^ g J
gravel (x 4") entirely cut off from the sea, ^
into which thjjHiames river discharges, by °
a breadth of several miles of land; and -3 2
Section 5, drawn across the entire valley g I»
forming the mouth of the Thames, and j§ ^ -S
directly transverse to the course of the » §g
Thames river east of the boundary of the | •£
gravel (x 4"), shows both the absence of ^
the gravel and the mode in which (long M
subsequent to the gravel and brickearths) g
 a
the river has been opened through this ^ f—
gravel-less area to the sea. It also shows | °<
distinctly the cutting down of the valley «
on the north side of the river from the §
Upper Drift or Boulder-clay (which at this £ o'g
part overlaps the Middle Drift gravel by co g |
several miles). This north slope, it is to JJ>
be borne in mind, is a part of the original S^ g —
valley beyond the limit to which the •*£
Thames gravel (x 4") reaches; on the ax
other hand, the slope forming the south
side of the valley through which the river
Thames runs has been materially modified "s S.
by the causes which brought Sea Eeach into _ | o
existence, and does not, in its present form, ^ z |
represent any portion of the original Thames .? I g
Valley. The fault which at Sea Eeach ^ K«
opened the Thames river to the sea indicates a throw of between
. three and four hundred feet.
l lf l
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rt
I will now endeavour to show more
distinctly the destruction of the eastern
part of the original valley. Section 6
(drawn at right angles to Section 1) shows
the Higham fragment and fault. Prom
this it will be seen that the trough of the
original valley, before it was broken up,
passed by Chadwell (near Tilbury), where
it was cut down to the Thanet sand; the
sides of it rising again towards Higham,
where the gravel fragment, underlaid by
London clay,' indicates the slope of the
valley in that part, before it was destroyed,
to have corresponded with that on the
opposite side towards Orsett, where the
gravel, still remaining in an unbroken
sheet, spreads up from the Thanet sand, on
which it rests more in the trough, till, at
Orsett, it rests on a thickness of London
clay. The section does not cut the original
valley at right angles, but takes a slice off
its edge only, this being unavoidable, in
order to catch the most crucial of the evi-
dences which have been spwed to us, and
the centre of the trough is therefore not
quite reached in this section; that centre
passing more to the west, by Grays, where it
cuts almost through the Thanet sand, so that,
in that neighbourhood, the Thames gravel
is divided from the Chalk by a very small
thickness of the Lower Tertiary sands.
It is not, however, in the eastern part of
it alone that we find evidence of the con-
nection of the original valley with the sea
over the Weald. The Thames gravel, al-
though thinned, can be followed in places,
without a break, up the gradual slope which
forms the north side of the Eichmond and
Wimbledon Hill from the great sheet that
lies on both sides of the river at the lower
level, until it joins the expanse of gravel
covering the hill top; but on the other
three sides, as well as on part of the fourth,
the expanse on the hill is detached from
the sheet of the low ground by lines of
denudation that are in some parts gradual,
but in others, as on the west of Eichmond
Park, so sharp as to amount to almost a
cliff; while, as before observed, the hill
has no counterpart on the opposite slope of
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the valley. Let us take a section from the °*
Thames over this hill to the Chalk in Surrey,
forming the northern edge of the tract of
denuded Chalk through which the Weald
valley is cut. (See Section 7.)
In this section we see that the denudation _
has acted principally to the south, i.e., in the J
opposite direction from the river, the hill having 'a
been cut down and a newer gravel (x 5) cor-
responding in position (relatively to the
Thames gravel, x i") with that of the Cray
valley, formed below it; the denudation also C
is equally decided on the east and west sides
 (.
of the hill. The gravel x5 extends 'in a .J
•3-3
5 a
t o ••3
g
continuous sheet from Mitcham, where it rests
on 100 feet of London clay, to the Chalk at
Carshalton. It is unlike the Thames gravel, ^
being composed of very angular flints, and is -3 «
of inferior thickness, becoming whiter and J
more chalky as the Chalk is approached, being ^
nearly white over that formation itself. J
If this section be prolonged it will reach "3
the north scarp of the Weald to which the S> |
Carshalton Chalk extends continuously, and • 3 «•
there is nothing by which this gravel (x5) g *-jj
can be disconnected from the sea that denuded "eg
the Chalk, and covered the Weald area, prior £ M
to the excavation of its valley. It would, Jg
therefore, appear from this section that the ^
Thames gravel, prior to the convulsions which «
destroyed so much of the south side of the §
valley, had, in addition to its exit by Dartford ^
and Gravesend, another opening to the Weald _g
towards Carshalton, from which it was eventu- ^ | §
ally cut off by the upcast of the country there, ,g J |
and the gravel (x5) formed. The gravel of go §g
Mitcham (x5), however, mingles, towards '-3
the north-east by the Tootings and in the s
Wandle valley, with the Thames gravel (xif/), w
so that it would appear that the sea continued I.
to have access to a part of the area occupied *£
by the Thames gravel after the elevation of 2
^ si
the Eichmond and Wimbledon Hills and the
denudation of their southern sides.1 frg
1
 Although when the gravel at Beddington or Car-
ihalton is compared with that near the Thames the con-
trast is considerable, yet from the flatness of the inter- *j
vening country it is impossible to say where one begins g
and the other ends; indeed, if the partial continuity . 3
with the aea remained, the tiro must have blended. The -5 £
railway cutting at Peasemarsh, near Tooting, shows the
tame coarse gravel as the Mitcham cuttings; but it is too shallow to disclose whether
this rests on any different gravel.
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Could the whole subject of the denudation of the Upper and
Middle Drift be discussed here, it could be shown, by a variety of
collateral evidence, that the Cliffe fault, forming Sea Eeach, was
part of a series of movements subsequent to the formation of the
original valley in which the Lower Brickearth was deposited. The
sections given will, however, show that this fault is due to a line of
rectilinear movements that has thrown down the bed of the old
forest at Plumstead, and brought up, by faults, the gravel of Dart-
ford Heath, and the range of the Erith, Bostol, and Plumstead Hills ;
and which has isolated the Wickham Lower Brickearth behind that
range.1 To these movements, and to the denudation contemporaneous
with them it is, that the south-easterly extension of the Thames
gravel has been destroyed, except the fragments isolated at Dartford
Heath and Higham. While we have thus evidence of the former
extension of the gravel in this direction, we have also evidence of
its being shut off from the sea on the east by a tract of land several
miles broad, and we are thus driven to trace its extension to the sea,
at its eastern end, in a direction that carries us over the now-elevated
Chalk country lying north of the eastern part of the Weald of
Kent. So also, on the west of London, we are met with evidence
of its original extension by another channel in the direction of the
same elevated Weald country.
It is quite impossible, within the compass of a short paper, to
show adequately the movements which brought into existence the
original valley, and those which afterwards so materially altered it,
and dislocated the formations within i t ; far less to show the relation
which that valley and its deposits bear to the general question of the
formation of England since the elevation of the Upper Drift. As to
the former, the sections given must, as far as they go, speak for
themselves; and if the reader will (after marking the northern
boundary of the gravel given in the note to page 100) carefully
follow their direction in the map, and, while bearing in mind that
one great branch of the valley and its gravel cuts through the line
joining the Upper Drift outliers on the Finchley and Havering hills,
correllate these sections with each other, they will—while at variance
with any extension of the Thames gravel to the present sea; with
the formation of the Brickearth by floods, commencing at the period
of the highest valley gravels, and continued down to that of the
lowest,—bear out, I think, the following conclusions, viz.:
1. That there is no widespread set of hill gravels within the area
of the Thames Valley; the only gravels older than the Thames
gravel (x 4") being the extremely partial and thin denudation
gravels, xl, x2, and xZ?
1
 If the places of the Plumstead fault in Section 3, and of the Cliffe fault in
Section 5, be marked on the map, and a ruler laid through them, it will indicate the
direction of a rectilinear line of throw extending from the Cliffe fault, and passing
exactly through the faults of Little Thurrock, Purfleet, Erith, Plumstead, and Lower
Charlton.
2
 The extensively-spread gravel of the Middle Drift, which partially underlies the
Boulder-clay, lies without the brow of the Thames Valley, except for a small distance
in the western part of it.
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2. That the original valley, formed subsequently to the deposit of
the Upper Drift or Boulder-clay, and by denudation during emer-
gence from the Upper Drift sea,1 began (after passing through the
Bagshot sand and London clay alone, between Windsor and London)
to cut down on the east of London to the Lower Tertiary sands
in the central line of its trough; and that the line there curving
south-eastwards, and passing across the extreme south-west of
Essex, made its way to the sea in the direction of the eastern
half of the Weald; the London clay forming only the higher
slopes of the trough on this side of London.
3. That in the trough so formed, and after its complete excavation,
the fresh-water deposit of the Lower Brickearth (x 4/) was accumu-
lated, having a very limited extension. That after this the valley
underwent a considerable depression, by which the sea was admitted,
rising up the sides of the valley to a height very far above the
limits of the Lower Brickearth, and covering that deposit, by which
an uniform sheet of closely bedded fine gravel (x 4/') (composed of
material brought mostly from other areas than those draining into
the valley,) was deposited; while changes of level occurred during
this depression that gave rise to the bands of clay and sand, yielding
fresh-water shells, which occur in a few places near the margins of
the deposits, and are intercalated in the gravel. And that, after the
completion of this formation, a change ensued by which the sources
furnishing the gravel were cut off, the mud brought down by the
surrounding streams—instead of being, as heretofore, carried off by
the tide that brought the gravel-freighted ice—being intercepted and
allowed to subside in deposit.3
4. That the south side of the valley was then subjected to violent
convulsions, which broke up the surface, and caused an extensive
denudation of all the three deposits; eventually converting the
valley north and west of Grays into land upon which a forest sprang
up; while at Grays, and south of it, the denudation, cutting through
the Thames gravel and subjacent Thanet sand of Dartford Heath
and Grays Hill down to the Chalk, formed the valleys of the Cray
and Darent, the waters of which passing by Purfleet and Grays,
flowed to the sea, then occupying the Chalk area of the Wealden
denudation, and in which the later gravel (a; 5) and the fluviatile
deposit of Grays (x 5') were accumulated.
5. Then, but after what interval cannot be shown, probably a long
one, a part of the forest was subjected to a downcast, and the swamp,
with its peat, formed over it; and, finally, the river Thames found
its way through the swamp, covering the peat with its mud, and
having an access to the sea provided for it by the downthrow forming
Sea Eeach; a downcast which, although then completed to the extent
1
 I confine the term Drift to the English Glacial beds that are older] than the
valieys existing in strata which are newer than the Trias, and lie south of Flam-
borough Head; using the term Post-glacial for such as are newer.
2
 That the climatic conditions producing gravel were not changed, is shown by the
formation of the later gravels (x 5); and I have seen in the Upper Brickearth at
Wanstead large angular chalk flints, apparently ice-borne.
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of admitting the North Sea, had, like that which threw down the
forest, and, by its interception of drainage, originated the peat,
probably begun in the convulsions mentioned in conclusion 4.
6. That, while we have no set of terrace-gravels marking the
present valley, the condition of the northern slope east of London
does point to the formation of the original valley in a manner bearing
some analogy to terrace formation; but the corresponding part of
the southern slope of the original valley having, with the exception
of the solitary remnant of Shooters' Hill, been destroyed,1 there now
remains nothing resembling such a terrace condition as the valleys
of the Somme and the Seine are represented to possess.
These are all the conclusions which the sections and facts sub-
mitted here justify; but, could the whole phenomena relating to the
denudation of the drift, and to the formation of the Post-glacial
gravels in those counties lying south of Flamborough Head, which
are occupied by formations newer than the Trias, be presented to
the reader, it could, I think, be made to appear that the water
depositing the Thames gravel was that of a strait connecting the Post-
glacial sea of the west, beyond Beading, with the same sea over the
Weald, which was then denuding the Wealden area prior to the
excavation of the Weald Valley between its Chalk escarpments ;2 and
1
 It would incumber the paper to show why, since the original valley was cut
through the drift, no outlier of drift should occur on the top of Shooters' Hill,
corresponding to that on Havering Hill; but it is capable of a very clear and
interesting explanation. To give it, however, would require a description of the
position which the Upper and Middle-drift occupies in Essex, Middlesex, and
elsewhere.
2
 To make this view intelligible, it is perhaps necessary to explain that I regard the
gravel of Southend (which, separated from the Thames gravel hy several miles of
gravel-less country, extends in the form of a narrow strip behind the marshes
bordering the North Sea for nearly 20 miles in a NN.E. direction along the coast
of Essex, and is capped in places by Upper Brickearth, and which, although it is the
same as that fringing the estuary of the Medway between Rochester and the Nore, I
will distinguish as the " East Essex gravel") as a remnant of a great sheet
of gravel that was deposited in an estuary whose mouth joined (near Rochester) the
sea, then extending over the Wealden area prior to the excavation of the Weald
Valley. This estuary, starting from the point where its mouth, inosculated with that of
the Thames gravel channel, south-west of Rochester, extended in a NN.E. direction
through what is now the mouth of the Medway, and traversed a land-tract, of which the
greater part occupied the area now represented by the mouth of the Thames, and by that
part of the North Sea which is known as the Swin, such tract having been submerged
by the convulsions giving rise to Sea Reach. The mouth of this estuary discharged into
the sea over the Weald, in contiguity to the south-eastern mouth of the channel of the
Thames gravel, the subsequent elevation of the Weald and submergence of the North
Sea having reversed the direction of the drainage through the valley of the Medway,
so that it now flows northwards into the North Sea, instead of southwards, as it did
during the Thames gravel period, and for several stages subsequent to that period,
into the Weald. To show the grounds for this view, however, it would be necessary
to describe the condition of the valleys of the Aide, Deben, Orwell, and Stour, and
especially the condition and structure of the valleys of the Blackwater and Crouch.
I t must be obvious, however, that if the Thames gravel were the deposit of the
present valley at a time when the country generally stood at a lower level (whether
accompanied by floods or not), then, not only should that gravel extend to the
Thames mouth, but these six valleys, which open, like that of the River Thames, into
the North Sea, and are all, in some part of them, cut either through the Boulder-clay,
or else the Middle Drift, should, like the Thames valley, contain a sheet of gravel similar
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that it was not until after the upheaval and denudation of
the deposits (* 4/, x 4", and x 4f"), that the denuded Chalk
of the south of England, and of the north of France, was laid
dry, and the valleys of the Weald, of the Somme, and of the
Seine were cut through it. We should also see that the great
convulsions which, exerted in a rectilinear direction, thus broke up
and destroyed the original curvilinear valley of the Eastern Thames,
were equalled, and even surpassed, by others of contemporaneous
date and like rectilinear character, which in other parts also broke
up or modified the curvilinear troughs of denudation into which the
surface had been furrowed by the elevation and denudation of the
Upper Drift sea-bed.
EKHATUM.—In the first part of this article, which appeared last
month, at page 60, line 23 from top, for "west," read "east"—
S. V. W., JUN.
HI.—ON A GENUS AND SPECIES OF SATTROID FISH (DITAXIODVS
IUPAK,1 Ow.) FROM THE KlMMEBIDGE C L A T OF CtTLHAM,
O X F O R D S H I R E .
BY PBOFESSOR OWEN, F.R.S., F.G.S, ETC.
(PLATES IV. AND V.)
THE generic name of the Sauroid Fish, here indicated by portionsof jaws, relates to the unusually well-marked arrangement of
the teeth on the dentary bone in two almost parallel ranks along
the whole of its alveolar border. The outer rank (Plate V. fig. 1)
consisting of few and large teeth ; the inner rank of small ones in
greater number.
It is by no means uncommon in, and is almost peculiar to, the
class of Fishes, to have two or more teeth on the same transverse
parallel of the dentigerous surface of the same jaw-bone; but I
have not, hitherto, observed two such ranks, so extensive, well-
defined, and differentiated in regard to size and curve, as in the
present Sauroid genus.
This additional and very interesting example of a destructive
order of Ganoid, from the Kimmeridge Clay, was obtained from
to * i"; whereas, although the four first-named valleys contain occasional patches of
gravel analogous in position to that described as x 2, nothing in any way corresponding
to the Thames gravel (*4") exists in them, while, in the case of the gravel-less
valleys of the Crouch and Blackwater, it can be distinctly shown that both of these
valleys, for two or three miles of their course (but in the case of the Blackwater on
its iouth side only), cut like the Thames mouth at right angles through the " East
Essex gravel." The terracing down of this East Essex gravel into the valley of the
Weald; first to beds analagous to * 5 and x 5', then to the gravels of the Lower
Green Sand terrace, around Maidstone, and, lastly, to the gravels of the Weald Clay
bottom, prior to the reversal ensuing on the formation of Sea Reach, may be distinctly
shewn; as the terracing of the Thames gravel, may, in like manner, be traced
through the Darent and Cray Valley beds, to the gravels of the Lower Green Sand
terrace near Sevenoaks.
1
 Sis, double; rcifis, rank; 'oSois, tooth.
